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Titl of the Invention 

Surface Position Detection Device and Exposure Apparatus and 
Exposure Method Achieved by Utilizing Detection Device 

Background of the Invention 

The present invention relates to a surface position detection 
device and an exposure apparatus and an exposure method achieved 
by utilizing the detection device. More specifically, it relates to 
detection of the surface position of a photosensitive substrate in a 
projection exposure apparatus which is employed to transfer a mask 
pattern onto the photosensitive substrate in the lithography process 
implemented to manufacture a micro device such as a semiconductor 
element, a Hquid crystal display element, an image-capturing element 
(such as a CCD) and a thin film magnetic head. 

Surface position detection devices ideal in appUcation in 
projection exposure apparatuses in the known art include the oblique 
incidence-type surface position detection device disclosed by the 
applicant of the present invention in Japanese Unexamined Patent 
Publication No. 42205/1981. In this surface position detection device, 
detection light is irradiated from a diagonal direction onto a 
semiconductor wafer set at a position which allows a mask pattern to 
be transferred onto it through a projection lens. More specifically, a 
slit pattern is projected onto the detection target surface, i.e., the 
"surface~of the "semiconductof ^afer~by ehsuring'that~the~direction~ 
along which the long side of the sht pattern extends is perpendicular 
to the entrance plane (the plane formed of the incident light and the 
reflected light). Then, by condensing the reflected light, a pattern 
image is reformed on a detection surface of a means for detection 
constituted of a photoelectric conversion element and the position at 
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which the pattern image is formed on the detection surface is 

detected. 

In the surface position detection device structured as described 
above, when the surface of the semiconductor wafer constituting the 
detection target surface becomes displaced along the vertical direction 
(displaced along the optical axis of the projection lens), the slit 
reflection light entering the means for detection becomes shifted 
lateraUy along the widthwise direction (the direction along which the 
short side extends) in correspondence to the vertical displacement. 
Accordingly, the position of the surface of the semiconductor wafer 
along the vertical direction is detected based upon the degree of the 
lateral shift. Thus, based upon the results of the detection, a decision 
is made as to whether or not the wafer surface is aligned at the focus 
reference position of the projection lens. i.e.. whether or not the wafer 
surface is aHgned on a plane that is conjugate with the surface of the 
mask pattern projected by the projection lens. 

In addition, Japanese Unexamined Patent PubUcation No. 
97045/1994 ffled by the appUcant of the present invention discloses 
an improvement on the oblique inddence-type surface position 
detection device described above, which is capable of performing 
position detection over a wide area of the detection target surface. 
This surface position detection device is provided with a projection 
o ptical s ystem that projects an image of a specif ic pattern formed a t a 
first surface onto a wafer surface constituting a detection target 
surface and a condenser optical system that condenses a Ught flux 
having been reflected at the detection target surface and forms an 
image of the specific pattern on a second surface at which a light- 
receiving sUt is formed. In addition, shine-proofing is achieved for the 
first surface and the detection target surface with respect to the 
projection optical system and shine-proofing is achieved for the 
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detection target surface and the second surface with respect to the 

condenser optical system. 

In this surface position detection device, the projection optical 
system and the condenser optical system each achieve bilateral 
telecentricity, to assure that uniform magnification is achieved at the 
various points on the first surface and the various corresponding 
points on the detection target surface over the entire surface areas 
and that uniform magnification is achieved at various points on the 
detection target surface and various corresponding points on the 
second surface over the entire surface areas. By assuming these 
structural features, a uniform degree of detection accuracy is achieved 
over the entire detection area on the detection target surface through 
a detection method based upon the principle of photoelectric 
microscopy in which the image of the specific pattern formed on the 
second surface and the Ught-receiving sUt are scanned relative to each 
other to synchronously detect Ught modulation signals. 

Summary of the Invention 

In principle, it is necessary to increase the angle of incidence of 
a Ught flux entering the detection target surface (to set the angle of 
incidence as close as possible to 90°) in order to improve the accuracy 
vtfith which the surface position of the detection target surface is 
detected. In such a case, the projection optical system and the 
~^ndenser opticaT system will be set close to^"detection taTget- 
surface, creating restrictions attiibutable to the proximity of the 
detection target surface on tiie stinctures and the positions of these 
optical systems. In particular, the components of the optical systems 
are bound to become large if it is necessary to detect the surface 
position over a wide range of the detection target surface, resulting in 
further restrictions imposed with regard to tiie stiiictures and the 
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positions. If the work distances WD of the projection optical system 
and the condenser optical system are both set large to eliminate such 
restrictions on the structures and the positions, larger components 
are required to constitute the optical systems. Thus, structural and 
positional restrictions cannot be effectively eliminated by setting the 
work distances of optical systems to large values. 

The structural and positional restrictions mentioned above may 
be successfully eliminated by providing a mirror in the optical path of 
the projection optical system and a mirror in the optical path of the 
condenser optical system, which greatly bend the optical path of the 
incident light flux entering the detection target surface and the optical 
path of the reflected light flux originating from the detection target 
surface to allow the projection optical system and the condenser 
optical system to be set over distances from the detection target 
surface, as disclosed in Japanese Examined Patent Publication No. 
39955/1995 filed by the applicant of the present invention (see FIG. 4 
in the pubUcation). Alternatively, as disclosed in the same publication 
(see FIG. 6 in the publication), prisms each having a pair of total 
reflection surfaces which extend paraUel to each other may be 
provided in the optical path of the projection optical system and the 
optical path of the condenser optical system, to cause parallel 
displacement of the optical path of the incident light flux entering the 
detection target surface and the optical path of the reflected Ught flux 
"^gihatingTronTthe" detection target surface^and~aflo^ t^^^ 
optical system and the condenser optical system to be set over 
distances from the detection target surface. 

However, changes are bound to occur in the angles of 
inclination of the reflection surfaces of the mirrors provided in the 
optical paths, due to displacement and distortion of the mirror 
holding members attributable to vibration from the outside, 



200114^118 mm 81-3-3226-6773 
FNKNOIOOI/US 



NO. 0239 P. 8 
5/102 



temperature fluctuations and the like. In such a case, a problem 
occurs in that the angle of incidence and the entry position of the Ught 
flux entering the detection target surface and the angle of incidence 
and the entry position of the light flux entering the detection surface 
(the second surface) change to result in poor detection accuracy for 
detecting and the surface position of the detection target surface. If, 
on the other hand, the structure provided with prisms each having a 
pair of total reflection surface of extending parallel to each other is 
adopted, the detection accuracy is haxdly reduced due to vibration 
from the outside, temperature fluctuations and the hke. However, 
since these prisms retain paralleUsm between the optical path of the 
incident Ught flux and the optical path of the exiting Ught flux and 
they do not deflect the light fluxes at all, the projection optical system 
and the condenser optical system must distend on both sides radially 
along the detection target surface and thus, the structural and 
positional restrictions are not fully eliminated. 

An object of the present invention, which has been completed by 
addressing the problems of the related art discussed above, is to 
provide a surface position detection device in which deterioration in 
the detection accuracy attributable to vibration from the outside, 
temperature fluctuations and the like can be successfully prevented 
essentially without having to conform to any restrictions imposed by 
the proximity of the detection target surface on the structures and the 
positions of the optical systems. Another object of the present 
invention is to provide an exposure apparatus and an exposure 
method that achieve highly accurate alignment of a patterned surface 
of a mask and an exposure target surface of a photosensitive 
substrate relative to the projection optical system by utilizing the 
surface position detection device according to the present invention. 
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In order to achieve the objects described above, in a first aspect 
of the present invention, a surface position detection device that 
detects the surface position of a detection target surface comprising a 
projection system that projects a light fl\ix from a diagonal direction 
onto the detection target surface and a light-receiving system that 
receives a light flux having been reflected at the detection target 
surface, with a means for light flux deflection having an even number 
of reflection surfaces to cause an incident light flux to be emitted at 
an angle not parallel to the incident light flux provided, at least, either 
in the optical path of the projection system or the optical path of the 
light-receiving system and the surface position of the detection target 
surface is detected based upon an output from the light-receiving 
system is provided. 

In a desirable mode of the first aspect of the present invention, 
the projection system is provided with a projection optical system that 
forms a primary image of a specific pattern on the detection target 
surface and the hght-receiving system is provided with a condenser 
optical system that forms a secondary image of the specific pattern by 
condensing a light flux having been reflected at the detection target 
surface and a detection unit that detects the secondary image of the 
specific pattern formed via the condenser optical system, with the 
surface position of the detection target surface is detected based upon 
an output from the detection unit. 

In addition, in a desirable mode of the firsTaspect oTthe presen^^ 
invention, the means for Ught flux deflection is provided with a prism 
having a pair of reflection surfaces which are not parallel to each 
other formed therein/ When this strucmre is adopted, the prism 
should have a first transmission surface through which an incident 
light flux is transmitted, a first reflection surface at which the light 
flux having been transmitted through the first transmission surface 
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and propagated through the inside of the prism is reflected, a second 
reflection surface at which the Ught flux having been reflected at the 
first reflection surface and having been propagated through the inside 
of the prism is reflected along an optical path intersecting the optical 
path of the Ught flux having been transmitted through the first 
transmission surface and a second transmission surface through 
which the Ught flux having been reflected at the second reflection 
surface propagated through the inside of the prism is transmitted. 

Furthermore, the angle formed by the first reflection surface and 
the second reflection surface should be set within a range of 40' or 
greater and less than 45°. THe prism should be preferably constituted 
of a low-dispersion optical material achieving an Abbe number of 65 
or higher. It is also desirable that the prism be constituted of an 
optical material having a coefficient of thermal expansion equal to or 
lower than Ippm/K, which does not expand readily in heat. 

In another desirable mode of the first aspect of the invention, 
the means for Ught flux deflection is provided with a pair of reflecting^ 
mirrors which are not parallel to each other and holding members 
each interfitted with one of the pair of reflecting mirrors to hold the 
reflecting mirror. In this structure, tHe holding members should be 
constituted of a material having a coefficient of thermal expansion 
equal to or lower than Ippm/K. which does not expand readfly in 

_ heat. 

In a second aspect of the present invention, ~an exposure 
apparatus that performs projection exposure of a pattern on a mask 
onto a photosensitive substrate via a projection optical system, 
comprising a surface position detection device in the first aspect of the 
present invention that detects the surface position of the pattern 
surface of the mask or the exposure target surface of photosensitive 
substrate relative to the projection optical system as tlxe surface 
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position of a detection target surface and a means for alignment that 
aUgns the pattern surface at the mask or the exposure target surface 
of the photosensitive substrate relative to the projection optical 
system based upon tiie results of a detection performed by the surface 
position detection device, is provided. 

Jn a third aspect of the present invention, an escposure metiiod 
for implementing projection exposure of a pattern on a mask onto a 
photosensitive substrate via a projection optical system, comprising a 
detection step in which the surface position of the pattern surface at 
tiie mask or tiie exposure target surface of tiie photosensitive 
substrate relative to tiie projection optical system is detected as tiie 
surface position of a detection target surface by employing a surface 
position detection device in tiie first aspect of tiie invention and an 
alignment step in which tiie pati;em surface at tiie mask or tiie 
exposure target surface of tiie photosensitive substi-ate is aligned 
relative to tiie projection optical system based upon tiie results of a 
detection performed in tiie detection step, is provided. 

Brief Description of the Drawings 

The above and otiier features of tiie invention and the 
concomitant advantages vrill be better understood and appreciated by 
persons skilled in ttie field to which tiie invention pertains in view of 
the following d'^^rtption give n in co nj unction witi i ttie accompany ing 
drawings which illustrate preferred embodiments. 

FIG. 1 is a schematic block diagram of a projection exposure 
apparatiis having tiie surface position detection device in an 
embodiment of the present invention; 

FIG. 2 is an optical path diagram illustiating that tiie projection 
optical system and the condenser optical system in FIG. 1 botii 
achieve bilateral telecentricity; 
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FIG. 3 is a perspective illustratiiig a primaiy image of the lattice 
pattern 3a formed on the detection target surface Wa; 

FIG. 4 schematically iUustrates the structure of the Ught- 
recelving slit S having five rectangular openings Sal - SaS extending 
along direction X in narrow strips; 

FIG. 5 shows five silicon photodiodes PDl " PD5 provided on 
' the Ught-receiving surface 14a of the light-receiving unit 14 to 
optically correspond to the openings Sal - Sa5 of the Ught-receiving 
slitS; 

FIG. 6 shows the relationship between the angle of intersection 
formed by the pair of reflection surfaces at the pentaprism 6 in FIG. 1 
and the angle of deflection; 

FIG. 7 schematically illustrates the structure of an essential 
portion of a projection exposure apparatus having a surface position 
detection device achieved as a variation of the first embodiment; 

FIG. 8 schematically illustrates the structure of a variation of 
the means for light flux deflection; and 

FIG. 9 schematically illustrates the structure of the holding 

members in FIG. 8. 

DeteUed Description of the Preferred Embodiment 

The surface position detection device according to the present 
— invention-includes-a-meansJorJightMx_d^ecti^^^ 

the optical path of a projection system that projects a Ught flux onto a 
detection target surface from a diagonal direction or the optical path 
of a light-receiving system that receives a Ught flux having been 
reflected at the detection target surface and having an even number of 
reflection surfaces to allow an incident Ught flux to exit at an angle 
not parallel to the incident Ught flux. In a typical implementation 
mode of the present invention, in which the projection system is 
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provided with a projection optical system that fonns a primary image 
of a specific pattern onto the detection target surface and the Ugbt- 
receiving system is provided with a condenser optical system that 
forms a secondary image of the specific pattern by condensing a light 
flux having been reflected at the detection target surface, the means 
for light flux deflection is provided both in the optical path between 
the projection optical system and the detection target surface and m 
the optical path between the condenser optical system and the 

detection target surface. 

in a more specific example, by forming a reflecting fihn at a pair 
of side surfaces of a pentagonal prism facing opposite each other, a 
means for Hght flux deflection is reaMzed in the form of a prism having 
a pair of reflection surfaces formed therein which are not parallel to 
each other. In this specification, the pentagonal prism mentioned 
above is referred to as a pentaprism. An incident light flux entering 
the pentaprism is directly transmitted through a first transmission 
surface and is then propagated through the inside of the prism before 
it is reflected at a first reflection surface. The light flux having been 
reflected at the first reflection surface and propagated through the 
inside of the prism is then reflected at a second reflection surface 
along the optical path intersecting the optical path of the fight flux 
having been transmitted through the first transmission surface. The 
-Ught-flux-having-been-reflected-at_the_se„condreflectio^^ 

having been propagated through the inside of the prism is aBowed to 
be directly transmitted through a second transmission surface and 
exit the pentaprism. Thus, the incident light flux having entered the 
pentaprism provided with a pair of reflection surfaces set to achieve 
an angle ^ is deflected by the angle <t> before it is allowed to exit. 

As is to be detailed later, at the pentaprism with its angle of 
deflection * univocally determined in correspondence to the angle of 
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in^rsaction W of a pair of «flectto„ surfaces, a pair of renec«on 
intar^ecUon » formed by *e pair of reHecOon aurfacca aaaent^y 

::: „o. „ - 

fluctuationa and tha like and, as a reault, the anp 
doea not change either. Conaaqaently, even when *e pentap 
ln,ea «ted hy a aU^t de^ee within the piane o,^.*enc ,*e 
pune that containa the incident iight flux and e^t. gh^ 
entering and «dting the peni^priam) due to d>aplacement and 
r«on of the holding me«her attrihutahie to — fcon> *e 
" temperature fluctuationa and the li.e, the reiauonatap 
outside, lemp reflection aurfacea, (l.e., 

between the angular positions of the pair otreflec 
aie angle of intersection V) remains unchanged, and the an^e 
ZZ. * Of the prism, too. remains constant. In o^ier words, *e 
rdn in Which the e.«ng Ught flu. advances — — 
^d the an^e o, hicidcnce of the U^t flu. — '^^^^ 

target aurface or the Ught-receiving surface, too, rcmam ''^ 
target suii incidence and the 

a result, hardly any change occurs in the angle 
entry position at the detection target surface or the hght-receiving 
entry posiuon .,„ccessfuUy prevent occurrence of 

surface, which makes It possible to successfuuyp 

«i^Hhntable to vibration from the outsiae, 
a detection error attnbutaDie to 

^perature fluctllSiMisaHd-the-like; 7 , , 

I. addition, since the optical path of the madent hgh 
entering detection target surface and the optical path o 

iLy deLed by the pentaprisms provided in the op.cal pa^ 
rieen the projection optical system and tbe detec^on t.^et su.^ 
and the optical path between the condenser oP-al syst«. and 
detection target surface according to the present .vvent^on. the 
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projection optical a»d conden^r opW system c» be^t 

IL distances Iron. detection t^get surface to essenual^ 
elta^ate restricdons impose* by the proxitni^ of the detection t«get 
^rface on the stntctures and the positions of the optical ^y''-- 

A, described above, the surface position detection de«ce 
according to the present invention succcssfutty prevents any 
dilation in tire detection accuracy attributable to vibration .oni 
the outside, teroperature fluctuations and the lilte, ^^"^ 
saving to conforra to any restrictions imposed by the pro^nrty o *e 
detection target surface on ti.e stiuctures and ti>e positions of the 

"'"'t'l^on, by Utilizing tire surface position detection device 
according to the present invention to detect the surface P-'«- °' *^ 
photosensitive substiate relative to a projection 
projection expo^ire apparatirs, highly accurate aUgnment of tire ma^ 
paim surface and tire e^oaure tar^t surface of ti.e photos«as.t.e 
substrate relative to ti>e projection optical systetn rs achr^d 
essentiauy »i*out being alfected by vibration of tire projection 
e:tposure apparatirs, tire ambient air temperature fluctuations and tire 
iTe AS a result, it becomes possible to manufacture appropnate 
^ao devices by employing tire projection exposure apparatirs 
provided witi. tire surface position detection device accordmg to tire 
present inventions ' - 7 ~ 

Embodiments of tire p^sent invention are now explamed m 

reference to the attached dravrings. 

FIG 1 schematically illusttates a>e sttuctiire of a projection 
exposure" apparatus provided with tite surf.ce P°^«- ~ 
device in an embodiment of tire present invention and FIG 2 .s^ 
optical patii diagram illustrating ti»at tire projection "P"-' J 
Id tire condenser optical system in FlG. 1 botir achieve bdateral 
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, . vitv It is to be noted that in FIG. 1. the Z axis is set parallel 
2 ^ ^of a projection optical systen. PL. the V axis is 
r.::i:tr s?.aceomesh^ lisa.wn.thin 
;Ce pe^endicula. to the optical axis AX and - ^ ax.s . . 
e^endicular to the surface of the dravnng ^ 

i.- t the surface position detection device accordmg to the 
embodnnent. the surfa e p ^^^^^^ ^^^^^^ ^ 

present invention is utihzed m a detecnon 
Photosensitive substrate in the projection exposure apparatus. 
' C exposure apparatus in the .gure is provided w.rh 
3. Ulu Nation system IL that evenly iBu— a ^e.cle R 
1. «t which a specific pattern is formed witn 

surface (i e.. the XY plane) when driven oy a ui j 

system FL. The wafer W is place, on a wafer ^oW^^' J^* 

I- clunnorts the wafer holder ai. 

holder supporting mechanism 22 supporxs 

holder supp J ^^^^^ ^^pport 

three support pomts 22a 22c ^ 
points 22a and 22b) that can move along Ihe vertic^ 
Section Z) in conformance to the control ^plemented by a holder 

"^^^Cs" e holder drive unit 23 controls vertical movements of 
individual support points 22a ^ 22c of the holder supporting 
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znechanism 22 to allow the wafer holder 21 to be leveled and to move 
along direction Z (the focusing direction) and ultimately to allow the 
wafer W to be leveled and to move along direction Z . "me wafer holder 
21 and the holder supporting mechanism 22 are supported by a wafer 
stage (not shown). The wafer stage, which is driven by a drive system 
(not shown), is capable of making two-dimensional movement along 
the wafer surface (i.e.. the XY plane) and rotating around tiie Z axis, 
and its positional coordinates are measured by a wafer interferometer 
(not shown) to enable positional control. 

In order to ensure that a circuit pattern provided on the pattern 
surface of the reticle R is successfuUy transferred to the individual 
exposure areas of the exposure target surface Wa of the wafer W. .t is 
necessary to align the current exposure area at the exposure target 
surface Wa within the width of the depth of focus with respect to the 
image-fonning plane at which at an image is formed through the 
projection optical system PL for each exposure operation performed to 
transfer the circuit pattern onto a given exposure area. This aligmnent 
may be achieved by first accurately detecting the surface positions of 
various points in the current exposure area, i.e.. the surface positions 
along the optical axis AX of the projection optical system PL and then 
leveling and moving the wafer holder 21 along direction Z and. 
ultimately, leveling and moving the wafer W along direction Z so as to 
--cW^-the-exposure-tar-get-surfaceJ«a_withi^Aerang e of the width 

of the depth of focus of the projection optical system PL. 



Accordingly, the projection exposure apparatus in the 
embodiment is provided with a surface position detection device that 
detects surface positions at various points in the current exposure 
area of the exposure target surface Wa. In FIG. 1. liie surface position 
detection device in the embodiment is provided with a light source 1 
that suppUes detection light. Under normal circumstances, the 
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su*ce wa of a>e wafer W consa«xting detection target surfece is 
.!ith a thin fflm such as a resist. Thus, it is desirable mat the 
:;rr: : ^ wtte H^t source that et^ts White U^t ha*.. . 

wavcien^ ran., to reduce th^de.ee . *e^^ ^ - 
iriterference attributable to the thm fflm. It .s be 
Ud,t source 1 may be constituted of a Ught enuttmg diode or the to 
Z ITpUes Ught Ut a wavelength band that does not uranifest a h.gh 
degree of photosensitivity to the resist. 

^ . dtUent hght ilu. *on. *e iight source 1 is flrst converted » 
, a tou^y collimated Ught beam via a condenser lens 2 and <^ 
S rstLecting prisnt 3. *e deflecting prisn. 3 deflects the rou^^y 

S ^a.ediiS"fl-*o»'^'-"'™^'°"'"' 

S :!r^*lion.Inaddi«on,atthee^sideofthedeflectmgpnsm 

3 n^ansnassion-type lattice pattern 3a having n-"™ 
p;rtions extending along direcUon X and narrow hs^t blod^g 
3 portions emending along direction X provided 

+ . 1. • Tt is to be noted that mstead of such a 

- at a constant pitch xs formed, it is to dc 

, at a cons i' a reflection-type diffraction grating 

5 transmission-type latuce pattern, a reuecnon ujrp . ^ ^ 

ii r^enta^s and proieCions may be used or a r^e^on^ 
lattice pattern having reflection portions and „on-reilec«on persons 
formed alternately may be utilized. 

The Ugh. that has been ™tted *rough me transmr^^on- 

. ^^^^^ prGjeGtion-optical^ystam_(4^b) 

type lattice pattern 3a enters P J ^ 



type lattice pattern v."--- ir - . , • av 

^ovided along an optical axis « psraUel » •^-P"-' 
L projection optical system. The projection optical system (4 5) .s 
flie projection y „„rf„«^ lens 4 and a projection ob ective 

constituted of a projection condenser lens 4 an p j „„„ „-tt,ai 

lens 5 The U^t flux having travelled dirough the projection opncal 
,4, s'then enters a pentaprism 6. The pentaprism 6 is a 
Itlg pentagonal prism with its longer axis running M direcUon X 
a^ rprlvided With a flrst transmission surface 6a through which 
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Ught having entered Mong *e optical a»s AXl U directty transmitted 
. refracted In other- »ords, the first tran=niiss.on 

without becoming refractea. in o . , • .vi Th» Hiht 

surface 6a is set perpendicular to the op^cal a»s AXl. T^e ^ 
ha^g been transmitted through the first tansmission surface 6a 
and propagated throu* the inside of .he pentaprism 6 along th 
opucal axis AXl is first reflected at a first rcflec^on surf.ce 6b and 
L refiected again at a second reflectton surface 6c along an opfcal 

'^e light having been refiected at me second reflection surface 
6c and propagated through the inside of the pentaprism 6 along ^e 
optical 1 AX2 is directly transmitted through a second transmtss.on 
lace 6d without becoming refracted, other words, *e sec^d 
^ansmission surface 6d is set perpendicular to the opt.«l a^ns ^ 
The pentaprism 6 is constimted of a low-dispersion optrcal maten^ 
which does not readUy expand when heated such as quartz gla^. »d 
a reflecting fflm constituted of aluminum, silver or the hlce .s formed 
both at the first reflectton surface 6b and the second refiectton surface 

Tl,us, the Ught having entered in directton -Z along the optical 
axis AXl is neatly deflected at *e pentaprism 6 and reaches *e 
deacon target surface Wa at a re<^ired angle of ^-^-''^H 
optical axis AX2. The direction in which are ophcal ax» ex^nd 
-TT-set-andr-therefore^the-angle-of-AeflecSon^eved^^^^^ 

pentaprism 6, too. is set so as to ensure a sufficiently l^ge ^e of 
mcidcnce at the detection targ^ surface Wa at this hme. As de^bad 
Tb.. the pentaprism 6 constitutes a means for Ught flv. ~n 
having a pair of reflection surfaces to aUow the mordent h^t flux to 
^. a!an angle not p^allel to the incident Ught flux. It is to be no«d 
that a detailed explanation on the structure assumed by the 
pentaprism 6 and its eflects is to be given later. 
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The device assumes a structure in which the projection optical 
system (4, 5) sets the surface at which the lattice pattern 3a is formed 
(i e the exit surface of the deflecting prism 3) and the detection target 
surface Wa conjugate with each other when the detection target 
surface Wa is aligned with the image-forming plane of the projection 
optical system PL. In addition, shine-proofmg is achieved for the 
surface at which the lattice pattern 3a is formed and the detection 
target surface Wa with respect to the projection optical system (4. 5). 
AS a result, the Hght originating from the lattice pattern 3a travels 
through the projection optical system (4, 5) and forms an ima^e over 
the entire pattern image-forming plane of the detection target surface 

Wa with accuracy. 

As indicated by the dotted line representing its optical path in 
FIG. 2, the projection optical system (4, 5) constitiited of tOie 
projection condenser lens 4 and the projection objective lens 5 is a so- 
called bUateral telecentric optical system. Thus, uniform magnification 
is achieved at various points on the surface at which the latt.ce 
pattern 3a is formed and at various corresponding points on the 
detection target surface Wa over the entire surfaces. As shown in FIG. 
3 a primary image of the lattice pattern 3a is formed with a high 
degree of accuracy over the entirety of the detection target surface Wa. 
To continue with the explanation in reference to FIG. 1 agam, 
— the-Ught-having-been-reflected_at_th^etection targe^ surtoWa 



enters a condenser optical system (8. 9) via a pentaprism 7 assuming 
a stiuctixre identical to tiiat of the pentaprism 6. Namely, the hght 
having been reflected at the detection target surface Wa enters the 
pentaprism 7 along an optical axis AX3 symmetiical to the optical axis 
AX2 relative to the optical axis AX of the projection optical system PL. 
At the pentaprism 7. Ugbt having been ti-ansmitted liirough a first 
transmission surface 7a perpendicular to the optical axis AX3 is 
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n . ^ «t a first reflection surface 7b and a second 
sequentially reflected at a first reuc 

Section surface 7c and then reaches a second transnuss.on surface 
an op^cal a^s AX4 extending along direction Z. Light hav^g 
L transn^itted through the second transmission surface 7d 
pl^endicular to the optical a^s enters the condenser optical 

syste. (3. 9) in direction . ^^^^^^ , u^t- 

The condenser opucal system (8, 9| is con 
receiving objective lens 8 and a Ught-receiving condenser lens 9. An 
receivmg J ^^^.^^ung a means for scanning is provided m 

oscillatmg mtrror 10 consatuong * 1ms 8 

fte optical path located between the Ught.rece.vmg ohjective lens 
I te h^t-receiving condenser lens ^us, ^ havmg 
"tered *e light-receiving objective lens 8 along the optical ^s AX4 
Tecomes deflected via the osciUating mirror 10 and reaches the Ught^ 
! living condenser lens 9 along an optical axis AX5. U is to he noted 
It „hL the osciUating mirror 10 is set ro„^. at ti.e pup^^ sn*c 
cr the condenser optical system (8, 9, in this emhodiment the pre^t 
invention is not resti^cted hy these particulars 
^„r 10 may be set at any position witiiin the optical path bet«en 
the detection target surface Wa and the Ugh.-receiving surface 

The hght having traveled tiirough ti.e condenser optical sy=^ 
(8 9) then enters tiie awing correction prism U assuming a sttuctt.rc 
Ltical to ti.at o, the deaecting prism 3. The d^ice as^es^ 
- stiucti^re a-which-.he-eondenser-opti^^_syj^^g.)_sets_^ 

Tel. target surface Wa and an entiy 

correction prism 11 coniugate witi, each other when ^e^et^on 
target suiface Wa is aUgned with tiie image-fonmng plane *e 
pr-^ection optical system PL. As a result, a secondary nn^e ^e 
Jce pattern 3a is formed at ti.e entry surface Ua of tiie swmg 

correction prism 11. 
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„ is to be noted that ^ light-reccing sUt S constituting a means 
Ught bloddng is provide, at the ent.. ^tface tla of the ^g 
co.ec.ion ptisn. 11. As sho»n in F.O. 4, the U^t—g ^t S 
provided vdth a pluraUty of, e.g., five rectangalar openings Sal - Sa5 
Ending along direction X in narrow suips. The re„ected h^ .0. 
*e detecuon target ^ace Wa having traveled through the cond^se 
optica system (8, 91 passes through the individual openmgs Sa 
SaS at the .^t-receiving slit S to enter the svHng -action pnsrn 1 L 
The number of openings Sa at Ore Ugh.-recervmg sht S matches 
the number of detection pomts on me detection target surface Wa. 
Namely, to PIG. 3 illustrating a primary image of *e lattice pattern 3a 
formed the detection target surface Wa, detection pomts (detecti n 
"l, Dal - t>a5 on the detection target surface Wa optrc* 
To^Ud to ti>e openings Sal - Sa5 respectively a, ti>e h^. 

■ S in FIG 4 AS a result, the number of detection pomts 

receiving slit s m I'lu. ^. ^ , . i Urr 

„u the detection target surface Wa can be increased smrply by 
increasing tire number of openings Sa, witi^ou. compUcating tire 
structure oftiie detection device itself. 

I, is ,0 be noted that shine-proofing is achieved for the mrage- 
forming plane at which an image is formed by tire projection optic^ 
.ystem PL and fl>e entry surface Ua of tiie swing conection pnsm U 
L respect to tiie condenser optical system (8. 9). Thus, wher. tire 
— dH«fl5n-target-surfacc-Wa4s.aUgned_«ith_*eJm^^^ 



ti,e light oripnating from tire lattice pattern 3a travels ti^ough^e 
condlr optical system ,8, 9, to re-consti.te - J* 
acouraey over tire entire pattern image-fonning area on tire pnsm 

entry surface 1 la. 

U, addition, as indicated by the dotted line representing tire 
optical patir in FIG. 2, tire condenser optical system (8, 9) rs 
cLstimted of a bUateral telecentiic optical system. Thus, a nnform 
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magnification is achieved a. various points the detection 
See Wa and the various corresponding points on the prism en«y 
Ua. conscuently, a secondary image of^e lattice pattem 3a 
rilled »ith accuracy over the entire en«y surface 1 ia of the swmg 

correction prism 11. ^ 1 1 nf 

„ U^t-receiving surface is set at the «rtry 
,he swing correction prism U, the angle of inadence of a Ught 11^ 

, • «,,rfflre increases because of a large angle 
entering the Ught-receivmg surface mcreas 

f incite e of the light nu. entering the --"-^J^^ 
wa If a silicon photodiode. for instance, rs provrded at the Ught 
receiving surface under these circumstances, the an^e o'-«^j=- 
are Ught nux entering the silicon photodiode increases, resultmg m a 
Tegree of surface reOection at the siUcon photodrode and ^ 
It- Tf the Ugh. ilu. which will induce a great reduc^on m the 
^anti^otUghtreceived ^ 

Accordingly, in order to prevent a re 
reception quantity attrihutahle to a large an^e of mcrdence the 
Ugh, flu. entering the U^t-receiving surface, the entry surface Ua of 
1 swing correction prism U constttuting the deflecfon opUcal 
tLem is provided at a plane that is conjugate with the etecUon 
Iget surface Wa relative to «.e condenser optical system (8, 9) as 
ri in PIO. 1 in this emhodiment. As a result, the U*t «g 
-^tered-the-en^-suriacea.la.of_th^^rre^^^^ 



- — opucallys^m . h^. 
do Jted at an an^e of reftac^on which is cual to the apex (*e 
an^e formed hy the en^ suri.ce and the «dt suriace, o the swmg 
Section prism n and is emitted ..m the e^t "^^^ - 

oprical a:ds AX6. Tire e=dt surface llh is set perpendrcular to the 

optical axis AX6. 
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The Ught having been emitted from the exit surface lib of the 
swing correction prism 11 along the optical axis AX6 then enters a 
relay optical system (12, 13) constituted of a pair of lenses 12 and 13. 
The Ught having travelled through the relay optical system (12, 13) 
forms an image which is conjugate with the secondary image of the 
lattice pattern 3a formed on the entiy surface 11a of the swing 
correction prism 11 and the openings Sal ~ SaS of the Ught-receiving 
sUt S on the Hght-receiving surface 14a of a Hght-receiving unit 14. At 
the light-receiving surface 14a, five siUcon photodiodes PDl - PD5 are 
provided to optically correspond to the openings Sal ~ Sa5 at the 
light-receiving sUt S respectively, as shown in FIG. 5. It is to be noted 
that instead of-sihcon photodiodes. a CCD (two-dimensional charge 
coupled image-capturing element) or photomultipUer may be used. 

AS described above, in the embodiment in which the swing 
correction prism 11 is employed as the deflection optical system, the 
angle of incidence of the Ught flux entering the Ught-receiving surface 
14a is reduced to a sufficient degree, thereby preventing a reduction 
in the Ught reception quantity attributable to a large angle of 
incidence of the Ught flux at the Ught-receiving surface 14a. It is to be 
noted that it is desirable that the relay optical system (12, 13) be 
constitixted as a bilateral telecentric optical system as illustirated in 
FIG. 2. In addition, it is desirable that shine-proofing be achieved for 
— tonfay-surface-lla_Qf_theswing^rrec tion prism 11 and _tixeUgit- 
receiving surface 14a with respect to the relay optical system (12. 13). 

AS explained earUer. the Ught-receiving sUt S having the five 
openingsSal ~ SaS, is provided on the entry surface llaofthe swing 
correction prism 11. Thus, the Ught constitiiting the secondary image 
of the lattice pattem 3a formed on the entiy surface Ua is partially 
blocked via the Ught-receiving sUt S. Namely, only the Ught flux from 
the secondary image of the lattice pattem 3a formed over the area 
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corresponding to the openings Sal ~ Sa5 at the Ught-receiving sUt S is 
aUowed to reach the light-receiving surface 14a via the swing 
correction prism 1 1 and the relay optical system (12. 13). 

Thus as shown in FIG. 5, images of the openings Sal - Sa5 at 
the Ught-receiving sUt S, i.e., sUt images SLl ~ SL5, are respectively 
formed on the siUcon photodiodes PDl - PD5 provided on the Ught- 
receiving surface 14a of the Ught-receiving unit 14. It is ensured that 
the sUt images SLl - SL5 are formed inside the rectangular Ught- 
receiving areas of the siUcon photodiodes PDl - PDS. 

If the detection target surface Wa moves vertically in direction Z 
along the optical axis AX of the projection optical system PL, the 
secondary image of the lattice pattern 3a formed on the entxy surface 
lla of the swing correction prism 11 becomes laterally shifted along 
the direction of the pattern pitch in response to the vertical movement 
of the detection target surface Wa. In the embodiment, the extent of 
the lateral shift occuixing in the secondary images of the lattice 
pattern 3a is detected and the surface position of the detection target 
surface Wa along the optical axis AX of the projection optical system 
PL is detected in correspondence to the detected lateral shift quantity, 
based upon, for instance, the principle of photoelectric microscopy 
disclosed in Japanese Examined Patent PubUcation No. 42205/1981. 
The following is a brief explanation of a surface position detection 
achi<-^^>-^ b..ed upon the principle of photoe l ectric micr o s copy 



AS described earUer, FIG. 1 shows the oscillating mirror 10 
provided within the optical path of the condenser optical system (8. 9), 
which is driven to rotate forward / backward around the X axis by a 
xniiTor drive unit 15. The mirror drive unit 15 oscillates the oscillating 
miiror 10 over a specific cycle T along the direction indicated by the 
arrow in the figure, in response to a signal provided by an internal 
oscillator. As tixe osciUating mirror 10 oscillates, the secondary image 
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of the lattice pattern 3a fonned on the entty surface 1 la of the swu.g 
correction prisn. 11, too, oscillate along the direction of the patten, 
pitch At this time, the oscillation of the secondary image of the lattice 
pattern 3a causes a change in the quantities of Ught transmitted 
through the openings Sal ~ Sa5 at the light-receiving slit S. The light 
transmitted through the U^t-receiving sUt S travels through the relay 
optical system (12. 13) and reaches the siHcon photodiodes PDl ~ PD5 
provided on the light-receiving surface 14a of the l^t-receiving umt 

The explanation is simplified by focusing on the Ught reaching 
one of the sUicon photodiodes, i.e., the silicon photodiode PDl 'Hie 
Ught having been transmitted through ihe opening Sal at the Ught- 
receiving slit S forms the sUt image SLl on the siUcon photodiode 
PDl The brightness of the sUt image SLl changes as the osciUating 
nurror 10 osciUates, In me embodiment, the width of the opening Sal 
(i e the measurement of the secondary image of the lattice pattern 3a 
along the direction of the pitch) is set equal to or smaller than 1/2 of 
the pitch of the secondaiy image of the lattice pattern 3a and, thus, 
the ampUtude of the secondaiy image of the lattice pattern 3a is set 
equal to or smaller than 1 /2 the pitch. 

in addition, it is ensured that the center of the opening Sal is 
aUgned with the center of the oscUlation of the secondary image of the 
--lattice pattern- 3a-when_the detection targe^sur^^^ 

the image-forming plane of the projection optical system PL. Thus, 
when the secondary image of the lattice pattern 3a osciUates as a 
result of the osciUation of the osciUating mirror 10, the Ught reception 
quantity at the siUcon photodiode PDl changes. The siUcon 
photodiode PDl at the Ught-receiving unit 14 outputs a detechon 
signal coiresponding to the change in the Ught intensity of the sht 
im^e SLl, i.e., a detection signal reflecting the Ught modulation 
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occurring itx the slit image SLl. to a positional detection umt 16. 
Likewise, the siHcon pbotodiodes PD2 - PD5. too. output detection 
signals corresponding to the Hght modulation occurring m the sUt 
images SL2 ~ SL5 to the positional detection unit 16. 

In addition, the mirror drive unit 15 also provides an AC signal 
at a phase matching that of the oscillation cycle T of the oscillating 
nurror 10 to the positional detection unit 16. The positional detection 
unit 16 performs synchronous rectification, i.e., synchronous phase 
detection of the detection signals provided by the silicon photodiodes 
PDl ~ PD5 at the Ught-receiving unit 14 in reference to the phase of 
the AC signal at the cycle T and outputs the resulting phase detection 
output signals to a correction quantity calculation unit 17. The phase 
detection output signals output from the positional detection umt 16 
are normally refeired to as S curve signals each set to 0 level when 
the corresponding detection area among the detection areas Dal ~ 
Da5 on the detection target surface Wa is set on the image-formmg 
plane of the projection optical system PL, i.e.. when the detection 
signal is undergoing a change, with a cycle which is 1/2 the 
oscillation cycle T of the oscillating mirror 10. 

The phase detection output signals indicate a positive level 
when the corresponding detection areas Dal ~ Da5 at the detection 
target surface Wa are displaced further upward relative to the miage- 
_forming_plane_of _th_^ prpjection_optical_ system. PL. whereas t hey 
indicate a negative level when the detection areas Dal - Da5 at the 
detection target surface Wa are displaced further downward relative to 
the image-forming plane of the projection optical system PL. In other 
words, tixe phase detection output signals each indicate an output 
value corresponding to the change in the surface position of the 
detection target surface Wa. Accordingly, the correction quantity 
calculation unit 17 calculates the individual positions of the detection 



nmmi^mn 81-3-3226-6113 

FNKNOlOOl/Ua^ 



HO. 0239 P. 28 
25/102 



areas Dal - Da5 on the detection target surface Wa along direcUon Z 
based upon the positive/negative levels of the phase detection output 
signals that have been provided to determine the average inclination 
of the detection target surface Wa and its position along direction Z. 

Then the coixection quantity calculation unit 17 calculates a 
tilt coxrection quantity and a direction Z correction quantity required 
to contain the detection target surface Wa .^thin the range of Hie 
depth of focus of the projection optical system PL. and provides me 
correction quantities thus calculated to the holder drive unit 23. The 
holder drive unit 23 implements drive control the holder supportmg 
„.echanism 22 based upon the tilt correction quantity and the 
direction Z correction quantity to level the wafer holder 21 and also 
„.ove it along direction Z, and ultimately to level the wafer W^and 
tnove the wafer W along direction Z. Consequently, the wafer W .s 
aligned relative to the projection optical system PL with a high degree 
of accuracv so as to contain the current exposure area at the exposure 
target surface Wa within the range of the depth of focus of the 
projection optical system PL. It is to be noted ihat specific details of 
the shine-proofing requirements, the structures and effects of the 
deflecting prism 3 and the swing correction prism 11 and ^e 
appHcation of the principle of photoelectric microscopy are disclosed 
in Japanese Examined Patent PubHcation No. 97045/ 1994 filed by the 

_ _appUcant_of the p resent i nvention. 

Next a detailed explanation is given on the structures assumed 
t,y and the effects achieved by the pentaprisms 6 and 7 constituting 
the means for Ught flux deflection. As explained earUer, since the 
pentaprisms 6 and 7 adopt structures identical to each other, they 
achieve similar advantages. Accordingly, the following explanation 
focuses on the stnicture and the advantages of the pentaprism 6. for 
purposes of simplification. The pentaprism 6 in FIG. 1 greatly deflects 
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1 ^lirprtton -Z so that deflected 
a Ught flux travetog from above along duection A, 
^ T « i- horizontal direction to enter the 

J „ nair ot renecUon surfaces at tlie 

intersection formed by the pair oi > 

■™ 5 m FIG 1 and the angle of deflection achieved at the 

pentapn^ 5 - FIG^ 1 ^^^^ 

::Z:^i:stlopti:aia.s«.i.— aiiyrenectedat^e 

L Lection .tface . and the .cond ^^^^^^^^ 
then is emitted ifrom the pentaprism 6 as a hght h 

■ 1 . AX2 in other words, the pentaprism 6 deflects 
3lcngtheopncalaxisAX2. In o^ ^ ,3 

the incident light beam L 1 J „ ^^^e 

expressed in the following equation (1) is acme 

expressea reflection surface 6b and the 

«f intersection V formed by tne nr^u , , u„ 

of mtersection v deflection O formed by 

second reflection surface 6c and tne ang 
the incident Ught beam L 1 and the editing light beam L 2. 
O . n = (xt - 2 a) - 2 P) - (1) 
in the equation above, a represents the angle 
„hich the ii^t heani hav.. entered the J-J^ ^ 
0,^031 a,ds «C1 enters the first reriecti^n surf.ce 6h ~ 

, f incidence at which the Ught beam having entered the 
Uie angle of madence at 

„entaprism-6-along-lhe_Qptical axis AXl enters tne ^t-— 

Se 6c. These an^ea of incidence a and . achieve a re— to 
I an^e o, intersection . as expressed in the fol.o«ng e^uahon ,a,. 

d'u^tlol ,1, can be modified as ei^resse. in the foiio^. 

equation (3). 

* + n = 2n-2(a + P)-2n-24' ...(3) 
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^ the angle of deflection * is expressed 
Based upon equation (3), the angie 

as in the foUov/ing equation (4). 

a> = n-2M'...(4) 3oie determining factor of the 

Equation (4] indicates that tixe ^,,,3,etion ^ 

^ngleofdeflectionOofti^epentapr^smaxsthe^gl ^ 

.rled hy tiie pair of reflection surfaces ^ ^^^^^^^ 
. iiTiivocallv detenntned by the angic u 

:::r 

? - '" t; ^texsecuo. .e.^ - pa. of 

i=- posmons (i.e., the angi pentaprism 

2 6 .ota«s by a ali^t depee around, to. — ■ *e 

. di^lac^nent or ~J ^^^'^L^.^^ and *e b^ in 

vibra^on ftom th e out.de ^e,a^ ^_ 

^ en>boan>^. ^^^^ ^, 

remains constant, i.e., trie the angle of incidence 

— — '"rr^r: ~- - - - 
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lateral shift is indgniiicant enough to he disregarded in practical 
*ch means mat the de^ee of positional shift oecurrmg 
applicauon, wm ^i-teriion target surface Wa 

with regard to the light flux entermg the detection targ 

1 ^-^ f^n is slight enough to be disregarded 
as a result of the lateral sh3ft, too, IS shgtit en S 

in practical application. ^ • ' 

M contrast, if a regular reflecting mirror ,a mirror havm a 
sm^e renecuon surface, is provided in place of the pentaprism 6 a m 
Tetrior art, a sU^t rotation of the reflection surface of the reflechng 
^::r around, for instance, the X axis, caused hy displacement o 
"formation of the holding memher attrihut^le to vihrau«n ^om the 
o^e, temperature fuc^ations and me lilce result m me ^ 
of deflection of Ute reflecting mirror chanting hy tw.ce me tilt an^e 
1 t^e of me sUght rotation, and. co«se,uenti,, me posttion at 
"me Ught flux enters me detection target surface changes 
Cmer wim me angle of incidence at me detection target s«face. 
togcmer wi position 
Under mese circumstances, me degree by w 

changes is almost in proportion to me change m me an^e of 
Ldlce and me distance between me detection targe, surface and 
me reflection surface of me reflecting mmor. 

The change in me an^e of incidence occurrmg at mrs t^c 
.lates to a Change in me deletion conversion coeflldent used when 
detecting me surface position of me detection target surface and me 

-^fi-m-^«tiy-po=«"'--'°--*«'^=-^^^^- 

™^ - . ..^ .i.hT nf mese changes 



d^ange m me e„u, v--.-- ^ 
which me pattern image rs formed, and mus, e,th 
taduces a deletion error in detecting me posrtion of me detection 
Let surface, m omer words, even when me surface position of me 
n target surface does not change at all in reaU^, me position 
Twt^ mt patiem image is formed on me U^t— sh 
llgcs as a result of a change in me angle of incidence or a change 
t me entry position attiibutahle to me change in the an^e of 
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deflccUon of the reneoang mirror. Conse,ue„ay. an erroncou. 
.eteoion is performed to indicate Ura. a change ha. occurred - ^ 
^rface position of the detection target surface which actually has not 

"^""^t CKplalned above, even when me pentaprism 6 becomes tilted 
y>y a slight degree within .he plane of incidence as a result of 
Jsplacer^ent or deformatton of the holding member atmbutable to 
external vibration, temperature fluctuations and the m.. the an^e o 
denection of *e pentaprisui 6 remains constant and, therefore, the 
angle of incidence at the detection target surface remains unchanged 
L embodiment Thus, unlike in the prior art in which a reflecUng 
^„r that reflects Ught at a sin^e surface is employed, a de^ctron 
.„or attributable to external vibration, temperature iluctnatrons and 
a,e like can be successfuUy ehminated by preventing a change m *e 
angle of incidence and a change in the entry position which rs 
by the distance between the detection target su*ce and the reflectmg 



mirror. 



Similar advantages are achieved at the pentaprism 7 to those 
achieved at the pentaprism 6. Namely, even when the pentaprism 
,econ.es tilted by a sW>t de^ee within the ptane of incidence as a 
result of displacement or deformation of tire holding member 
attributable to vibration from the outside, temperature fluctuations 
^-d-thelike,-the-angle-of-deflection_of_*ej««prism_^^^^ 

^ . _ J ^4- li'aht-receivme SUt 



ana tne ukc, ui^? <^*&*- 

change and ti.er.fore, tire an^e of incidence at tire ^ ^ 

S and tire antfe of incidence at tire hght-receiving surface 14a do no. 
change eitirer. Thus, unhke tire prior art in which a reflecting mirror 
flrat reflects Ught at a single surface is employed, a detection error 
attributable to vibration from the outside, temperature fluctuations 
and tire like can be successfully eliminated by preventing a change m 
tire angle of incidence at tire light-receiving slit S and a change in tire 
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entry positton which is allec«d by the distance between the reflecting 
mirror and the light-receiving slit S. , . , „. 

in addition, in the embodiment, the pentaprisms 6 and 7 are 
respectively provided in the optica) path between the projecUon optical 
system (4, 5) and the detection target surface Wa and the opbcal path 
between the condenser optical system (8 , 9) and the detection target 
.uAce wa to greatly deflect the optical path of the Ught flux,entenng 
,he detection target surface Wa and a,, optical path of a Ught flux 
having been reflected at detection target surface Wa throu^ the 
„ pentaprisms 6 and 7. so as to allow the projection optical systm 4 
0 5) and the condenser optical system (8, 9) to be set over sumc. nt 
S distances ftom the detection target surface Wa. As a result the 
S smicturesand*epositionsoftheprojectionopncalsysteml4.5)and 

iS condenser opUcal system |8, 9, at. essentially ftee of any 

restrictions that may otherwise be imposed by the proximity of the 
detection target surface Wa. 

AS described above, the surface position detection dev.ce m O^e 
embodiment, which essentiaUy remains flee of any restrictions 
imposed by the proximity of the detection target surface Wa with 
regard to the stxuctares and the positions of the optical systems 
suecessfuny prevents deterioration in *e detection accuracy 
attributable to vibration from the outside, temperatiare fluctuations 
5fflWlikTr-As-a-resuit.a-proiection-expo,suie_aEparMUs.Pim^ 



with the surface position detection device in the embodmient, whrch 
remains essentiaUy unaffected by vibration of the apparatias, amtaent 
^ temperature fluctitations and the like, is capable of achtevmg 
highly accurate aUgmnent of the mask patt«n surface and &e 
exposure target surface of the photosensitive substrate relative to the 

.A is caDable of manufacturing 

projection optical system and, thus, xs capaoic 

appropriate micro devices. 
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However since dellec«d Ught fluxe. are shifted sUghtly (the 
posiUons at which .i^t iiuxes e^t the ^^^^l^^J^ 
result of slight inclinations of the pentapnsms 6 and 7 m tos 
e^^diment, it is desir^le .0 form the pentapHsr^s to a ^ whrch. 
.n^all as possible (to minimize the lengths of the opttcal p.ths w.^ 
a>e pentaprisms,. Accordingly, since the re,uired angle of mtersectron 
W of *e pair of reflection surfaces is defined in confonnance to the 
reauired angle of deflection * throu^ equation (4) expUn-ed e^h^ 
eal pentaprism is formed in a compact size in correspondence to the 
Cirl al^e of intersection . and the pa. of effective renectron 
areas that should be assured. , „air of 

It is to be noted that if the angle of intersectron of the pan: of 
reflection surfaces is changed due to thermal expansion o the 
;t;,rism ItseB, the angle of deflection (and ul«mately. the ^^es^ 
Ldle and the entry positions at the deteCon target su^ce and 
.re Ught-receivmg surface, changes to induce a ^~ 
Mcordhrgly, it is desirable to cons^tute the P— 
op^cal maters *at does not readily expand when "-ted su h^ 
lart. glass. More speciflcally, it is desirable to const.tu« th 
pentprL with an optical material having a coefficient of themral 
ZZo. cual to or lower than 1 Ppm/K, and .e coe«..nt o 
thermal expansion of quart, ^ass is appro:amately 0.5 ppm/K 

Cnples Of such ^ass materials mat do not expand read* 
.ben heated include titanium sihcate glass 

available «om Coming- Incorporated in New York State, USA), 
ZeroDua («ademark) also available ftom Corrung Incorporated, 
LceranL (ixademark, available .om Ohara Corp in Sa^^ 
Kanagawa Prefecture and the like. The coeiEcent of thermal 
e^ansion achieved by ULE is . 0.05 ppm/K, the coeBcrent of 
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dermal «^an=ion achieved by ZeroDu a ia -0,03 Ppm/K a»d t^e 
coefficient of thennal «:pansion achieved by 
ppn>/K. .t is to be not^d .hat quaxtz i. me most des^able glass 
Tateri^ mat does not expand readUy when heated since it achteve, 
an optimal transmittance. 

to addition, it is desirable to constitute the pentaprisms vntt. a 
low-dispersion optical material such as ,uam glass in order ,0 reduce 
a.e occurrence of chromatic aberration inside the prisms. In more 
specific tenns. the optical material used to constimte ,).e pentapnsms 
lould have an Abbe number ot 65 or hi^er and quart, ^ss has an 
Abbe number of approrimatcly 68, satisfying the 

AS mentioned earlier, the angle of incidence at which the Ught 
flux enters the detection target surface Wa should be set as large ^ 
possible (s« as dose to 90» as possible) to improve ttte ™ 
Which the surface position of the detecUon target «^ 
detected. Since the U^t flu. entering along direction -Z .s deflected by 
the deflection an^e , to aUow it to enter the detection target surface 
Wa parauel to the « plane in .he embodim«.t, the relafonship 
e^ssed as * -r. - « is achieved between the angle otinddence 6 and 
the angle ot reflection 9 at the detection target surface Wa and the 
angle of deflection *. 

Accordingly, if *e desired an^e of inddence 9and an^e of 
— rai-ec-tion-e-are-set.t-. tor-instance, _80. _._i_<_90%angleot^l^^c^ * 
.t the pentaprism is wimin a range of lOO" . * > 90-. whtch . sets 
tt.e angle ot intersecUon W of the pair ot reflection surfaces at me 
nenuprism wimln a range of 40' <- V < 45' in conformance to me 
rela«onship expressed in equation ,4). omer words, by u»g a 
pen^prism achieving an angle ot intersection ^ wimm a range of 40 
. y > 45', me an^e otinddence of the UeJ>t flux entenngme detect.™ 
target surface Wa can be set at a desirable value, and men me 
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projection optica system (4, 5) and *e oondenscr optical system (8 9) 
t portioned eaon. the ve«ical diction as is the projection 

""Trs"— mustra.es the sttucti.. o, an essential 
portion of a projection exposure apparati^s provided witi. a surface 
'pX detcLn device achieved as a v^tion of the ^ho^« 

posixiuli ^ . . ' TTir 7 Aci<;iimes a structure sumlax 

^ ^ ;^ pia 1 The variation in FIG, 7 assumes 

rra^pla . tiie emhodinient sho^ . 1. Hoi^ver tire 
.ariation in HG. 7 diHers .om tire emhodiment shov. rn HO^ t » 
□ tirat rhombic prisms 31 and 32 are -P-'^'^f "^I wa 
,8 patir hetwecn ti.c pentaprism 6 and tire detection ^^^J 

a Id tire optical patir between the pentapnsm 7 and the de,^ 
2 "irsurfL Wa. Accordingly, tiie same reference numbers as tirose 
a assigned to elements achieving hrnctions identical to t^ 

r Cnents in the embodiment sho™ in .O. 1. The «^s^ 

I epilation of tiie variation sho^n in HO. 7 by focusmg on the 

l-* differences ftom tire embodiment m FIG. 1. ^ . „ ,^„d «s,e 

m , . 7 Heht flux having exited me 

^ In tiie variation m FIG. 7, a ugnt 

= pentaprism 6 along ti,e optical aids AX2 enters tire ^omlncpr^^ 

L rhombic prism 31 is a .nadrans^lar prrsm ---^ ^^^T^ 
cross section and its longer a^s extends along dnection X as does Ore 
r Iw tire pentaprism 6. At tire rhombic prism 3 1 , Ugh. having 

~e?^""*---«-'^— 

p " dicular .0 tire optical a=ds AX2 is se,uentially reneCed at a parr 

Te'tion surfaces 31b ^ 31c which are P^-^ 

aren transmined tirrough a second transmiss-on surface 31d p^alle 

■ .i™, surface 31a and exits tire rhombic pnsm 31 
to tire Orst transmission surface jra 

an optical axis AX21 paraUe. to til. optical a:tis AX2. The^ 
L having e^tited the rhombic prism 31 along tiie optical a^s AX21 
tiren enters Uie detection target surface wa. 
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A light flux having been reflected at the detection target surface 
Wa along an optical axis AX31 that ia symma«ical .o .lie ophcal a:a 
I^t rltive 0 *e optical a^s AX o, the projection optical ^sten. 
r onte o*er hand, enters the rhon>bic pris« 32. T^e rhon.h,c 
r3.,whichiss^»*erhonihicpHs.3Msa,— 

• >,«vine its longer axis extendkxg along direction X and having a 
prism navmg its longci eu^ . ^^^rr^ liffht 

Uhic cross section. As a result, a. ti>e '"^J^J "^^^ 

having been transnntted ti,rough a to. _ss.on surface 32a 
perpldicular .0 ti>e optical axis AX31 is se,uentiaUy refle«^J. 

of reflection surfaces 32b and 32c P-^^' J*^'^ 
Ls^tied .hrough a second tians^ssion surface 32d paraUeUo *e 
«rst transinission ^ace 32a and e:dts tiie rhon.b,c pr,sra 32 along 
an optical arisAxaparallelto tire optical axis AX31. 

AS explained above, in tiie variation shov»i m ™. 7 which >s 
provided witi. tiie rhombic prisms 31 and 32 respectively m tiie 
pa. bet^een tiie pen.pri^ 6 and tiie detection^g. 
surface Wa and the optical patii betiveen tiie pen.apr.sm 7 and the 
*tion target ..face Wa, ti.e optical patii of the Ught flux^^™. 
a,e detection target surface Wa and ti>e optical patii of ti,e light flux 
Having been reflected at ti>e detection target surface Wa a^ caused . 
undcr«= paraue. movement by tire rhombic ^ J* 

respectively. As a re»lt, ti>e pair of optical prisms 6 and 7 c^ be se 
-^-di^ces^om-tbe-dctection^target^urfscswa^e^ 



over aisiancc:* - 

tl^e pair of pentaprisms and tiieir holding members ftom -y 
structural and positional restrictions taiposed by ti,e proxmn^r of tire 

detectiofftarget surface wa. „„,««,ted of 

Whfle ti,e means for light flux deflection are constittited o 
pentaprisms in the embodiment shown in FIO. 1, tire " ^ 

flux deflection may be instead constituted by usmg a pa. of reflecting 
^ors tirat are not parallel to each oti.er and holdurg members tiiat 
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interlock and hold the pair of reflecting mirrors by interfitung with 
them no. 8 schematicaUy illustrates a structure that may be adopted 
in such a variation of the means for light flux deflection and FIG. 9 
schematically illustrates the structure of the holding members m FIG. 

m the variation shown in FIG. 8. a first reflecting mirror 41 and 
a second reflecting mirror 42 respectively having reflection surfaces 
corresponding to the first reflection surface and the second reflection 
surface of the pentaprism 6 in FIG. 1 are interiitted with and held by 
a first mirror holding member 43 and a second mirror hoWing 
member 44 respectively. Tlxe first mirror holding member 43 and the 
second mirror holding member 44 are either fonned as an integrated 
part Of a base 45 or are mounted at the base 45. Thus, the base 45 
holds the first reflecting mirror 41 and the second reflecting mirror 42 
via the first mirror holding member 43 and the second mirror holdmg 
member 44 so as to sustain the angle of intersection ^ formed by the 
reflection surface of the first reflecting mirror 41 and the reflection 
surface of the second reflecting mirror 42 unchanged. 

in FIG. 9. a mirror holding member 70 (which corresponds to 
the first mirror holding member 43 and the second mirror holdmg 
member 44 in FIG. 8) holds a reflecting mirror 51. which corresponds 
to the first reflecting mirror 41 and the second reflecting mirror 42 m 
— FlG7-8-achieving-rotation-^etry-(haying^^_ ^ape with a 



constant thickness and a constant external diameter, more 
specifically) and is provided with an optical material holding metal 
hardware piece 81. spacers 82 and a retainer ring 83. 

The optical material holding metal hardware piece 81, assumes 
a staged shape on its internal circumferential side and assumes a 
roughly cylindrical shape with a constant diameter on its external 
circumferential side. Namely, at on internal circumference, a first 
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internal diameter portion 85 is formed on one side along the direction 
in which the axis extends and a second internal diameter portion 86 
is formed on the other side along the axial direction. The first internal 
diameter portion 85 has a diameter smaller than that of the second 
internal diameter portion 86 and, as a result, a stage 87 is formed 
perpendicular to the direction in which the axis extends. 

Three trapezoidal support portions 89 are formed so as to 
project outward toward the center at the end of the first internal 
diameter portion 85 on the side opposite from the side where the 
second internal diameter portion 86 is formed. These support portions 
89 are formed in identical shapes, and are provided over equal 
intervals along the circumferential direction at the optical material 
holding metal hardware piece 81. The support portions 89 are each 
provided with a trapezoidal contact surface 89a perpendicular to the 
direction along which the axis extends, toward the second internal 
diameter portion 86 along the direction of the axis of the optical 
material holding metal hardware piece 81. These contact surfaces 
89a, which have identical shapes, are set within a single plane 
perpendicular to the direction of the axis of the optical material 
holding metal hardware piece 81. 

In addition, a female screw 91 is formed at the end of the 
second internal diameter portion 86 on the side opposite from the side 
--where-^e-first-internal_diamete^pgi^on g5_is provided At the staged 
portion 87, insertion holes (only one is shown) 92 each paired and 
aligned with the support portion 89 along the radial direction are 
formed. The reflecting mirror 51 is inserted through the second 
internal diameter portion 85 to the optical material holding metal 
hardware piece 81 so that a peripheral portion 62 at the other surface 
51a of the reflecting mirror 51 is mounted at the contact surfaces 89a 
of the support portions 89 ^ 
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ru. spacer. 82 are each ™un«d at me cooespond^I 
.0>e 92, and ^ eaC pro^dea «l.h a pa. o, .^^^J'^J^ 
inserted at me insertion hole 92 and a mounting plate 9* ^n^ 
ftom me shafts 93 al<«g a direcdon perpend.cular to me 
Z^n. By inserting me individual spacers B2 at me nrserfon hoi 
rrconta . surface 94a of me n.oun.in. plate 94 of -h *a^ «^ 
LVaced in contact «im me peripheral portion 62 at a surface 51b of 

the reflecting mirror 51. „i«tP^ 94 

The shape of me contact surfaces 94a of me mountmg plates 94 
placed in contact »im me surface 51h of me reflecting n,«or^51 
I^es me Shape of me contact surfaces 89aof me support poruons 
rX d il conL wim me omer surface 51a of me reflecting »n.or 
51 M a result, mese contact surfaces 94a and 89a have area^e,u^ 
o eal omer. h, addition, me co,respor.ding contact surtaces 94a and 
ITlLt at positions facing opposite each omer ,at match^g 
p„:i::s along me direction of me cireu— e of mc optrca. 
material holding metal hardware piece 81). vernal 
tte retainer ring 83 as^mes a staged shape on rts external 
^curlential side and a roughly ring shape wim a con^^ 
Zneter on its internal circumferential side. Namely, on «s 
rLerentUl side, a arst eternal diameter ^^^'^^ 

one side along me a^dal direction and a second -^^^'^ 
— porHoEWarmed-on-'he-omer-Md.alongm^^toecu^^ 

«^ „ Ai^^o^f>r lareer than tne 



Lt ^eternal diameter portion 96 has a diameter larger man me 
T T of me second external diameter portion 97, «tm a male 
diameter of the second ^ ^- ^ oa tVip retainer 

screw 98 tonned at me first external diameter porUon 96. 
^783 i» -unted at me metal hardware piece 81 hy 

screw 98 Wim me female screw 91 of me optical -te^l^ 
„e.al hardware piece 81 having me reflecting mirror ^^ ^^^ 
me first internal diameter portion 85 and all me spacers 82 mounted 
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therein. When the retainer ring 83 is screwed in at the optical 
material holding metal hardware piece 81. the reflecting mirror 51 is 
clamped by the trapezoidal contact surfaces 89a of the support 
portions 89 and the trapezoidal contact surfaces 94a of the mountmg 
plates 94 from the two sides along the axial direction. 

By utilizing the mitror holding member 70 . it is possible to hold 
the reflecting mirror 51 without having to use an adhesive. As a 
result, the reflection surface of the reflecting mirror 51 is effectively 
prevented from becoming tflted within the plane of incidence as a 
result of deformation or the like of the adhesive attributable to. for 
instance, ambient air temperature fluctuations. It is to be noted that 
it is desirable to constitute the pair of mirror holding members 43 and 
44 and the base 45 with a material having a coefficient of thermal 
expansion equal to or lower than 1 ppm/K, which does not expand 
readily when heated, to sustain the angle of intersection of the pair of 
reflecting mirrors 41 and 42 unchanged. More specificaUy. these 
members may be formed by using a ceramics, glass, an alloy or the 
like that does not expand readily in heat. 

It is to be noted that while the pentaprisms 6 and 7 are provided 
respectively in the optical path between the projection optical system 
(4 5) and the detection target surface Wa and tiie optical path 
between the condenser optical system (8, 9) and the detection target 
—surface-Wa-in-the-embodiment_and.its variation dgscri^^^ 



advantages of the present invention may be achieved by provxdmg a 
pentaprism in. at least, either of the optical paths. 

In addition, whfle, an, explanation is given above in reference to 
the embodiment and the variation on an example in which a 
projection exposure apparatiis is provided with a single surface 
position detection device, the present invention is not restncted by 
tiiese details, and a pluraHly of surface position detection devices may 
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be provided as necessary to perform detection over individual areas 
achieved by partitioning the detection field. In such a case, the 
individual devices can be calibrated based upon the results of 
detection obtained at a common field contained in both the detection 
field in which the detection is perfonned by a first surface position 
detection device and the detection field in which the detection is 
performed by a second surface position detection device. 

While a means for Hght flux deflection is constituted by using a 
pentagonal prism having a pair of reflection surfaces or a miiror 
assembly having a pair of reflecting miirors in the embodiment and 
the variations explained above, the present invention is not limited to 
these particulars, and a means for Ught flux deflection may be 
constituted by using a prism having an even number of reflection 
surfaces or a mirror assembly having an even number of reflection 
surfaces. 

Furthermore, while the present invention is adopted in detection 
of the surface position of a photosensitive substrate in a projection 
exposure apparatus in the embodiment and the variations, it may also 
be adopted in detection of the surface position of a mask m a 
projection exposure apparatus. 

Also whUe the present invention is adopted in detection of the 
surface position of a photosensitive substrate in a projection 
-- Wsuxe-apparatus in-the-embodiment_andJh^Yariati^^^^ 



be adopted in detection of tiie surface position of an ordmary 
detection target surface, instead. 

AS explained above, in the surface position detection device 
according to the present invention, which is provided with means for 
light flux deflection each constituted of. for Instance, a pentaprism, in 
tiie optical path between tiie projection optical system and the 
detection target surface and the optical path between the condenser 
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optical system and the detection target surface to greatly deflect the 
optical path of the light flux entering the detection target surface and 
the optical path of a light flux having been reflected at the detection 
target surface, the projection optical system and the condenser optical 
system are allowed to be set over distances from the detection target 
surface to free these optical systems from any structural and 
positional restrictions imposed by the proximity of the detection target 
surface* 

In addition, even when the pentaprism becomes tilted by a 
slight degree within, for instance, the plane of incidence as a result of 
0 displacement or deformation of the holding member attributable to 

y vibration from the outside, temperature fluctuations and the like, the 

l.y angle of deflection achieved at the pentaprism remains unchanged, 

y i.e., the exiting light flux advances along a constant direction and, 

ultimately, that angle of incidence of the light flux entering the 
□ detection target surface or the Ught-receiving surface, too, remains 

u unchanged. As a result, since hardly any changes occur in the angles 

of incidence at the detection target surface and the Ught-receiving 
surface and the entry positions at the detection target surface and the 
light-receiving surface, occurrence of a detection error attributable to 
external vibration, temperature fluctuations and the like can be 
successfuUy prevented. 

Moreover, by adopting the surface position detection device 

according to-the present invention-in detection- of the" surface 

of a photosensitive substrate relative to the projection optical system 
in a projection exposure apparatus, highly accurate alignment of the 
mask pattern surface and the exposure target surface of the 
photosensitive substrate relative to the projection optical system is 
achieved essentially without being aB"ected by vibration of the 
projection exposure apparatus, ambient air temperature fluctuations 
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or the like and, as a result, appropriate micro devices can be 
manufactured. 



r 



